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(57) Abstract 

A nitride semiconductor light emitting device comprising an active layer of multiple quantum well structure provided between an n- 
side region including a plurality of nitride semiconductor layers and a p-side region including a plurality of nitride semiconductor layers, 
having a light emission output improved by allowing the characteristics of the active layer to exhibit well, and capable of being applied to a 
wider range of various application products, wherein a multilayer film comprising two nitride layers is formed in at least one of the n- and p- 
side regions. 
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£t>T#5„ Witf^ 3 W^*#M?r A 1 G a N L, I4©M^ 
ftHf£:GaN£ GaNl^GaNit^A 1 G a NS©^)¥lr, 
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5£*t>-?*5 0 m*-f£. i 1 ©t ftft^iwes: a 1 g a n t %2<omt 

4fe¥ift#K£:G a N £ Lfc4§-g\ GaNitGaNitCllOA 1 GaNfOA 

mirz>iz.fe\,\ mffimz'h£<ftz>o $eots«DT> m^«^Lfe 
m 3 ©s^^frR 8 a iiA i *<£t*mm^mfcs l < »± 3 

Al.Ga ,_ a N ( 0 <X< 1 ) f«L<l±aI^0. 5^Al,Ga 

^ 5, T'ai^/Udf — ^S/h $ V ^ 2 TciSAfc 5 V > 3 ^MO^blSJ^fr SrfiKS 
^©n^GaNitS^ ^^Jgfitt^av^SBSB^S-Cf 5o «oT 
ft LV^3^;friir£ Ltlt i3©ifk^M8 adUflttSO. 5^ 

T(DA 1 a G a ,.,NTfe V) , fM©£te*J¥«*fWBl8 b^GaN^ft^f 

tii"5o ^i(^4©t«iM8 booJSIfft) 1 0 0t^ ho-AOT, 

9, IP)R^g**S»^^itlfeLT^*tt©Sv^kJfe^*friSric*-Ct. * 
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tt, V—zf&fk*>tfri£ Lv\ ^4b\ ftl-^^fcJ: 5 i-Ti^ F-^ir Lfc» 

<bt^?£L<ti5 0 O^^* ha— AJ^Tivl-rSc 0. lMm^i5^ 7 

ir(-<t «9«^u mi <DmfcM¥mfrmcDmm%m&mizfafa^xmfr*% 
mmmiz^^x, ^m\^j&-^< t-^jsiFf^o*^ i n g a N<Dm^-^mM 
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fiH4SJ21i£<J< l£fEV\ JS^O/h^VA 1 G a N<0#J£-&ifeJ>3-fr, p 4H#J1 
LDiftll, SttJiSrtttf<fc5tJ:(fclli"5nfllJ#gJK&U{pil!l#JiJK 

mmmt urtiv^ 

III Ktc*©«^^»IS*** - cfc 0 JS*f^«©«^Sr«r^S i^ia 
&J8I&G aNfc Lfc*£\ SB 1 <Z>&fMfe¥JIHHR© I n (Ditm^^M^m^ir 

mkM*m&m*A lGaN^U i4©i»M^G aNati^ 
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G a Nl^Ga Nii©^©A 1 G a Njf ©A 1 jSfi/&£?£t£JS l-SlifitS 
»^^i«JPi-5^v\ lJfW5<'i5o '^tlWDt, rtLMfife 

mm<omm 2 . 

10 CO^b^»¥#M^b^-5 nQm&l 30 t ptim&l 4 0 ^Iliot^Hfc 

nwmt. mm(Dj^m2(Dm\tm^wm^-\z.i6^x. nmHooit 1214 

{^-TJ:9(-s /<y77H0 2, T^K— 7°G a NJ1 1 0 3, nl^fe!^ 

15 10 6a &t/SS 2 <7^fc4^^NJ#JR lOebilJ^Sn fflgg 2 #JUR 

I6^t>^»), plii30lt #SRXIiiS^e>45 p ffil^ 7 KI 1 0 8 

to^Mfc&tt&^X* nW=*>f? M4J:(Intil 2, pftijGaN = >-^ 

^ M9±|:piii l #^;fr^ft^j&£;hrCV^o 

20 m 4 t£W: x p{lffl^77KI108t Ut, 31 3 (£>^fb#j¥^{£ 1 0 8 a S. 

#3g9§fc:*5VvC SISiHTtt, t77^7CE, RffiXfiAS^r^St-r 
5t77-f7, ^tf>ftiL ^t'^/v (MgAlA) ©«t9'Sc#aBW4oS«ote % 
S i C (6H, 4H, 3 CSr^if) , Si, ZnO, G a A s , Ga N#C0^^ 

25 fcmiR&m^zztfrxzZo 

&mmzft\,^X. ^^7711 0 2^X11 Ga 4 Al H N ((B.UdttO< 

d ^ i cDtsia-efo^o ) a»bfcs&ft»^fle-es>9, »*t<ttAi©a^ 

77l 1 0 2&Wf bfrSo 
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/^^77ll 0 2©Iff(4, 0. 0 0 2~0. 5 m x L<*30. 00 5 

~0. 2/ira, L< ttO. 0 1~0. 0 2/im©®itiit5o ^ 

77ii o 2(Dmmfc±.w2.%m~z&zt, mm*m&<n&M**7*vv-&& 

/^y77i 1 0 2©^ftja^tt, 2 0 0 — 9 0 0^CCfc<9, $F£L< fit 4 0 0 

zvt&mmmte&t u/<?77»i o 2±(^ft$-*5^#j¥^^ H B H 

nI»^iMf(^ftLt*5lT'fc5 0 ^y77ll 0 2±|:'©7y 
K-^G a Nl 1 0 3 Mft^5i:7y K— aNfl03 (D^ t §M4^&£f 
£&<9, TyK-7°GaNil 0 3±\Z.f&&£lt&nM='>*9 h«4&ifoa£ 
*tt*ft»l^*C#So TyF-T'Ga Nil 0 3 OMfftt, 0. 01/zm;£Ui£ 

*J^O<6B8-C*>S^s nftij^^ h 1 4 ^^Oi ?r^ B ttS < Eicft T*^ Iff* L 
V\ ifcri'K-T'GaNll 0 3 0SB9«)±|Stt«Flill8^*iX*V^S, MjsSSj 

M^FM^I^r 3X10 ,8 /cm 3 BLh* fflL<li5X10 ,8 /cm ! J^_hO^T* 

ilrMtSi V f WLl:< < £S«lRlflS&3o nfljai';?* hJg4 

fit, nM^W^/5 s /J^V^ H s B t4<Z)^$f K-^G a Njg 1 0 3 ±(^frfe 

5rimS, *&mte, nM=t>-?? h«4<&nS*W4&*£tf>-tfiRfcJ:t> 
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nftlj^*^ hm 4<Dffi.f£tt, In«Al t Ga M N (O^e, O^f, e + 

f^D -e«f£-e^\ znmf&te&iz-m? t>£>-ete&v^ g 3 n, jtmrno. 

%J&$L~rZ>MX*&Z><D-ZO . 1-20/im, jftKliO. 5~10/im, J; «9 

m<D mm¥-m& m *mm z tix * 5 #® una* & 5 „ n aub 1 &m mm 1 0 5 

comm*. 2 // m£AT"C*> 9 , b < 1 . 5/jm£Jim"J, J:<9 0^L< 
^TKlnfldSSl^JBJRJll 0 5 SV^O'K'SPiry^*^— *s 

nmm 1 0>mmm 105 ©^jw&b s>^*^— 

ZfZmtVo^fcm 10 5 aRlfs<l/ K=¥-\- yl/^^^—^/hS 
^10 5bOifll iooty^hn-^T> ^b(«L<li7 0t 
hn— i^T\ L< (21 0~4 0^">^ hn-A©iffi©iJ| 
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±ib<© j: o j-n{M3§ i &mmm 105^ ^t^eti^wsf^ow \^mwBMt 

rW^S^-eS^^T^K— 7»G aN|10 3^n#J=<>^ hJf4£riio 

l t ^ 3 ite & *> 5 msit ft 5 r i a* # , g>mmm ©±fcjaus $ * 

1 &<£tsmtV!>¥mfcs ff*L<«Al,Ga rt N (0<g^l) 
^iSS* LV\, ^ ^x^/^-0^^i|fl;^|O: l 0 5 b 

te/^ K=¥* y^t-sM"* 8 — <DAt&^fb4^ff£l 05aJ;t) K^rir s> 

<«Al h Ga H N (0^h<l, g>h) , I iijGa^N (0£j<l) ©i 
fc&{b4*¥3Mfc 10 5a liHSWl' I n «r^£&VA l,Ga h N (0 < g < 

1 ) t U K^-r y^^^-w/h* Jfe^b«j¥*fr 105b liUKW^ 

Aim^IniGa,.^ (0^j<l) U 4»"Cfc*S*ttlJ:«iXfc#Ji 
Jg|£#5 B#rt% AKDlftlt(g«) ^0. 3^T©Al,G ai .,N (0<g^ 
0. 3) GaN©H^Wft^^U\ 
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mm i &mmm 1 o 5 ^mmm^-r^ t , ^sms^^-rsffi^ 

*i#JS (105a, 105b) fBAtt(D^p^mt LTfc, #t£HS#BS 

l¥JMTcc>l^)¥-ej5icS^-y:TV^50i?^7^^^Ai9^<v\ *<Dltib. Alil B B H 

ftMs¥m#m 10 5a K3f y^^^*-©^**S[4b*¥*frJB 1 0 
K^> y^ac^d?— 3*;*;#v^fl;^¥#{fcJl 1 O 5 a |inl»^^ 

< V—y-r^m^, K=¥+ y^x^^^-ro^f *t{b#I^I 10 5a 

^<D#f-i£. l>> K-7°»^ UTf*. 1 X 1 O'Vcm 3 - 1 X 1 0 2 Vcm\ $ bfclfr* 
KttlXlO l Vcm 3 ~ 5X10 "/cm 3 <Z)«Sffl^Wfii~5o 1X10 17 /cm 3 «fc 5 

cm 3 «t <9 h^^t, m*&fc<vy—?nM&&<t!;v^\ l ^mmz.%>z> 0 — ^ 
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^#»^MiJ^bifi:«5:LT< SnS^M^fci?^ ^©iiii x 1 oVcnf^ 

T3ftSa*UV\ ni»atttSi, Ge, Se % S, 0^<Dj^^#*^ 
IVB^ VIB^7U*<SriiiRU 0£L<fiS i, Ge, S % nmPfWsb ti"5o 

/^-^/jN^v^b^^Sl 0 5 b t ©^MftlS^f t < t5 r t t)T* t 

So 

$ Md£fcn{iyf5 1 &mmm 1 o 5 ^^sm^^i-s^b^^a 1 0 5 

a, 1 O 5 b{C*5V>T % ^MI^IISC K-^^SSf^ J^^^lRli'^b, 

($f*b<«T^K-^*) ^-rs~ £^£lv\ jt^w ^t&^-r s ^ m*.t£ 

nm^fmVDt LTS i £ R-^LfcA 1 GaNi, K— Zf<DG a Njf <h 

mmm%:WtJ&\,tzM'&, A l G a NttS i £ K-/ttv^OT*Kt- £ Ltl 

T-Sr^^^Wi-^^ S^tt^-T^v^/VCD^^G a NcD^^i-^So Ga 
^^/I^-^t^A 1 G a NCr)^^m^c(-nM^%i<lri^^{- K— 

<&3 0 WhG aN*p&&WrfZ>m, s ?-lz&^xn. A 1 G a 

^LA 1 GaNii^^^fRj^LTi^^^T^K-^ti-SiS i <7>ifcSL& 
§:lt^< < ^6<^T% £ bi-T> K— 7°G a NJ1^3i£M^ft±i-3?>-C&So 

m^. nmm 1 ^juhiji 105^ m-M^mm^mtemtmrn £*i/c& 

9, nM^^^^^^W^SFBl-C^^SMT* K-^^ttTV^^ 
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*i\ nmm i &mmm 1 o 5 ^m^-r^mtm^m^t ttit 

feG a N^#lf btbSo n{H!lfgl#jlIg|Jll 0 5 a N-C#tf&£;h/rv>5 £ , 

^mmmm 2 t^v^, n$!if? 1 &mmm 1 0 5 n % ni»^ttfG a 

N3&»kJfcSS^I|b¥3MMi 10 5a H©Hbfe*l*» 105a itiM^S n 
I»8S?:ft5Ga Nj&»kfc3&fbfc¥i»|ft:« 1 0 5 b LTfcS 
10 #S»^w^Stl5o IftW^il0 5a, 105b© 

£ © «fc 5 W^-MtfcotBSl n m?f-®m<r> K— 5 «fc 5 i-^P 

15 ^^5n«i#iiii o 5 (Dm-g- 1 mm<D^m^^nhi^^ a 

nffig3f«*OM»4l X 1 0 17 ~1 X 1 0 2I /cm\ £?£L< {±1 X 1 0 ,8 ~ 
lX10 19 /cm\ J;i3$f*L<(j:3X10 ,6 ~7X10 16 /cm 3 t'fe5„ £fc, 

*58w^*5v^, nifti^ i &mmm 1 o 5 (ommmn, m^mjzztiz ^©-c« 

fcU^*, 1000~400 0^-^^ hn— $f^L< Ii20 00~3 000 
n— AfiTF, » t L < «: 2 0 0 h n - Agf, J: 9 0* L< fi l 0 0^- 

25 ir^-Cf, «*W^«r!Rl±$-ar*-^i s T#So 

WIWi«0»3&5 2ig£t±©1^5)^5 n{B9S& 1 flflJl 1 0 5 13, n<l!jn 
^^H^ila5:tm5o r<Z)m^> niil^i)lil0 5©Dlli, 
0. 5~4/im, $ftL<lil~3/im, ii|)^L<li2~2. 8/imi:t5 0 



WO 99/46822 PCT/JP99/01 140 

34 

~ (dm&o n mw, i ^mbm i o 5(Dmm\t. ±M(d^< k*>2wm&>±.<D& 
mm i ^sjbiji i o 5 *Mj$.irz>&mmn, ±.mm<Dmmm(D^mmm t l-c 

fld^Jgc 13 0H, In %*s;trm 1 <D&{fc«&¥*flEBS 1 0 6 a <t % ^GDfg 1 0>mt 

m^mfcmi o 6 a t s^srtts i 2 oift^^ii 1 0 6 b tt>m 
m&frt-rx®\w,2&mwm 1 0 e&^rL-cv^So nmm,2&mmmi 0 6ic*5v^ 

t\ # 1 ©SMblfe^MMMi 10 6a, i2 <D^b#5^^ 106b tttttl 

n$J!g2#JlJiflS 1 0 6tfS^t£Jf 7fclggLT^££nTV^^ > ?£t£S 7 CD 
a-?t>, ^2©I«tfrSl 0 6 bV^t^S<> nig2#11110 

6 vmmmfrte&izm ? t>©-ctt*v\ @ 4 -cfinug^ 2 &mmm 1 0 6 

SH4S7^LT^$tuTV^^, r©n^2#|ifl 0 6 

&mm<Dl&1Bi 2 l£*3l^T, niBIl^ Z&MWm 10 6 ld*5V>T, jiufBfl 1 0>£ffc 
ft^flCjRl 0 6a, *fcttfltrlB® 2W^{b«5 a N|C<W!ll 06b <Z>|*I<^&< £ 

friz. L < [iff! 1 Wgfcfc^SMWSI 10 6a *5 2 106b 

(DmU%: 1 OOtv^ ho- A BAT, $ *bl-£?£L< fi7 O^-i/^ hn— M. 

f§r 1 131 J: 9, n«SS2^SfllBl 0 63S«te^«itfcfco-C, n{|lJ!fl2#S 
r<Z>«fc 51^ A&fBnWISl^JiBIJS 1 0 5 t. ±12 n 2 ^-Jl/glJf 1 0 6 £ 
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&1B.fr&t>MZks &ytmt)&£9&l±£-&&tki>iT*£. (Vf) 

$ 1 (T^t&^NffWBlW: I n Sr^tf ^[b#>¥*fl^ if* L < 3 5ciBi&0> I n 
k Ga rt N (0<k<l) £ L< ttk^O. 5ElT©In t Ga 

H N, St>»*b<ttk«L*50. 2^TGD I n k Ga H Nfct5. — SB 2 <© 

3 7cti^^^##^Sr^ft^^5 0 nffiJ^5 2#«JRBl o 6|j:*5V^, #2 
W^b^^^l 0 6 b L < « I n,Ga„N (0^m< 1, m<k) 

iri"5o «oT, ftt>0* L^m^fciirte, £ 1 oSfMfc^NJtfttSJ: Lt k<C 
5gTWIn k Ga H N^V\ ^2©i»iMHtG a N^rffl 

$ bi^ mwim i ©ss-fkifc^NWWK i o e a ^ttntmm 2 

106b tf>fi<£>4>#< £ t— ^©JRff^s, ftm-tzm 1 ©atfM&^MMttfc 1 0 6 

a*fc«^2<7>^k^¥^Ml 0 6 b^tB^l^^oti, ffi— Ct> £V\, 

a * iti-m 2 w^b*¥*fl2«i 106b &$&MtJa Ltc&mmm*]&f& ^t-m 

f| 2 (D^k^^^JBI 10 6b i <o£fBfc¥iJMWK 106a) 

fc^ i <z>&{t4&*NMM* 106a (^2 <D&4tmymftm 1 o e b ) <Dmm&z. 

0iJ;U£^ 1 W^-fbftJ^NJfrlK 106a^InGaNtU & 2 OStftto^MH* 
Hl06b^G aNtLfcl^, G a NftGa NJI £ <Z)f§J<£> I nG a Nf^l 
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£ h\z.tt^ rnt^M i (Dmm^mfcm 1 o e a , &t-\mmm 2 <Dmm>* 
itm^WMi oea tfcii^2«iw#Mi 06b (Dm- in mjtm<D 

m^l5I±-ea^^-m^o■rv^T l ^>J;v^ zozbte, m 1 (DmkM^m&m 1 0 

6 a £fcte|& 2 <0&te4&i£iJMWK 10 6b Sr^tifcSOT L/c£-JS)g|Jl£^tfc L/c 

m^i-, m2(Dmm*mtemi 0 e b cm 1 ©»»n oea) 

^fcfg 1 ©M^^ftJlfl 10 6a (^2 ©^-fb^^JR 106b) © III tfc 

mx-tf, ihj- in ^*©mj&p±T*av^m&<b-#5 £ , m 1 oiibfe^i 

(Wl06a*InGaNi:U f 2 O&fltffe^ttfflK 1 0 6 b^rGaNi: Uc 
:£<g\ GaNliGaNl^©FI©I nGaNl^I nJfij^SrffittSI-Scja^S 

nffli2#|ill0 6|j:, fift^fc^LT^J^Jh/rvvtfc&V^ 

nWm2&mmmi 0 6K*5VvT, »lWgWi(«|10 6a&t; 
m2<7>^b^l¥#^l 0 6 MmfrfcfcTi'K-^-Cfc&^U PCfrlcnM^F 

< , 1 <7>^b^J^*^ 10 6a ^fctejg 2 ©£fc*lj*MMMtl 106b© 
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mpfiWfoWk& t > % 2 (Dmtm^-mfcWk io6b«n iw^Stti^otv ^ 

nm&mVotVXns »*U<tt, S i, Ge, Sn, S*f(D IV fig, VI 
6 b (CnMfe^ K-T'tS*^, »Ml±5X 1 0 2 Vcm 3 

Kiiixi o w /cv? &.T\zwa£rZo 5 x i o 2i /cm 3 «t 9 h^tmtm^ 

<£>KI?£: 1 0 h^— i^T, L<ti70ty^ hn-AgTv 

i o o*^y* hn^eiTtts^fcKi^ 

ftSM^, #*L<«:, In,Ga H N (0^a<l) X*Bf$.£ti. 
#So ^14jp7^pM^^^K-^Si^^KP^^t 0 -^^«j:<9 
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< tt 7 0 *lsjrx Y o -^J^T, $ t-£f * L<U5 0ty/7hD - J^Tl- 

— ^\ Plii©f $142 0 0 Oty^ hn-A^T> L < fit 5 0 0 ^ 
^ha- i^T> J:«9^*L<f43 o o^-^^ hp- A^Tf-flS-rSo * 

£ 3 io8a^ m3 (Dmm^mwm losain^ 
sv ^ P M^*6«wift* s »* b < «i^-co P w&mm? ^s/Kiiosa 

fco **WTtt, pIM^tt5Al k Ga H N (OSb 

£l) a»e>fc5]£— JB£LTfc«fci\ 

Y*m 1 0 8 O^t^o^T^Tf-tfc^-rSo 
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8 a Rum 4 (Dmtm^wm iosb <7>mmn, ioo v & - j^-r 

* hn-AORStllt*^ *3 0*{b*iN««il 0 8a t|4Wl« 
iMi 0 8b tc^lRfftt, PI— ?fcSfco-cwct>.J:v\ > #S^»it<7)#^ff 

grmm? y y km i o 8 <D%mM\^ m\zmfe&fr>*&^s 200 ox-is?* h 

p— AfiTF, 0£L<tel 0 0 OJt^y* hn-A£CF> £ 9 L < 5 O O 

^IrJWE (Vf) SrteTS^S 3 tf>-C#£bv\, 

$ 3 ©S-ffcft^NWtiR 1 0 8 a <HA1 ^t*mcm¥%tfk, 0* L 

<(4Al B Ga„N (0<n^l) ^*$t5rt^itL<, %A<T>WkM* 
10 8b KliAlpGa^N ( 0 ^ p < 1 , n > p ) , I n r G a 

,_ r N (o^r^i) (DXv^27tm^. 3 5caa©£te4*¥*#&jfc££*5- 

p W&mB? 9 V Fig 1 0 8 £>|S 3 <D^b^l¥#^ 108ai|4 <DWkM 

¥mt£m iosb i©p s!^*M&*an*s* «j > -*©jio^ttft«ss:^# < s 

^ y^a^/l^— <Z>*#&3S 3 ©^b^J^ftai 1 0 8 a <D p 

*t < LTx ^ F=¥-1r j; yx^/l,3f-©/h § /if 4 1 0 8b 
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#41(5 3 ®3Hbtt¥g|#K i08a© P < LT, K* 8 * 

y ^ai^^-©/jN$ft* 4 oftfl^b^ifEjR i08b© P M^if$«fe«£*# 

m 3 0>&te4&*NWMSI 10 8a LV> K-7°S^ tTIi 1X10 "/cm 3 

-1X10 21 /cm\ $ KIJ1X10 19 /cm 3 ~ 5X10 2 Vcm 3 ©«6BBfc 

mm-tZo 1 X 1 O'Vcm 3 J: D t>4>fcV^ % ^Cl4©tjb!|5^Il 0 

{n*>«9, Sfci xioVcra 3 <J:n^^, jfoSMfeasiK 45ffirB]{cfc5o - 
^ 14 0&fl4lfe¥3MtiR 1 0 8 b <d p 3^*fi*b»£tt!S 3 ©Htfe^tM 1 
0 8 ti£*>*>&teV}iM£Bk<> »*L<ttl/l 0£JL±^4V^sa*LV\ * 

pM^M#>£ LtllMg, Zn, Ca % B e *$<Z>J5#!#&|g IIAfil, IIB«i 
pffl^y KJltf, P I^mAl k Ga H N (03Sb^l) <t 

9 45¥— Sj&^^S*^, -topffid*— JR^t^ K«©Kfftt, 20 00ty 
^ha-^T, J L < tt l o o 0 ^ f d -i^T-Cfc D , J:9#* 

l b Ga H N (O^b^l) -Cfe6o 
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fitttt-^^s t>©(©, B«isn{i!i^ i &mmm i o 5i©a^*tJ: o % as 

P y y KJ1<£> p S=F«4fctf>*£tt l x l o l8 - l x l o 21 /cm\ # 

*L< f*5 X 1 0 ,B ~5 X 1 O z Vcm\ £<9£?3;b< 5 X 1 0 19 ~ 1 X 1 0 2 V 

10 tfcfcl, *3Qt©JKffi»-*JV^, Mg K— ^°p{|IJG a N = y^ M9ii, MM 

^<Dmf&& In, Al Sr#*jfcv^7cil*oa[^ 3 l t ^^-t*5o 

0. 001—0. 5m m, #*L<teO. 01—0. 3/im, i<9^tL<liO. 
15 0 5 — 0. 2iimif5. WO. 00 1 //min^^piGaA 1 

?y KJB£S&ftWE#frb-*»-r<fc?K MifcbTf^ffibfcO^ 

H5cjg^<^G aAlN^y KS©_hfcl* *&j£tf)£fc3~7GiM©G a N=»^* 
$77^ jy KtHiSft^R&^plWG a N hJf 9 f t£|g£ b^i" < , 

pi^iittM g -cfcs <t p Mm&tmbtiM < x yfrnrntmbti 

B<t£?>o Mg(D^m\-i, 1 X 1 0 18 ~1 X 1 0 21 /cm\ £j£ L< 5 X 1 0' 9 
~3 X 1 0 20 /cm\ «fc t)»* b< til X 1 0 2 Vcm 3 ^Xfc5o Mg||^;© 
25 «fflT?fcS£&0fcpSJRtfS#e>ft ! fi<, Vf «H£T§*5 if* bv\, 

aNn^^^ hg9±S^nW^£*VTV^ 0 n®}&l 2&t/plil 1© 
Wfl-fc btttiKF^PB^Stl/Sfe^Ttt^V^^ 0iJx.finS^l 2£LTt*W/A 
1 , ptSlli LtliN i /Aufc^Srfflv^^asTtSo 
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*&wiz.&z>mMmm 3 (DmkVs^mftftytmw. m 5 j^-r * ? #j 

^¥*#S 2 0 3, |2n ffl&<blfe¥#ttJ| 20 4, |3n MMbtt^MMtii 2 

05, ffittf7, pW9 9r KJBi o s&tfpiHa:'^ M20 8^WI9;^j$ 

niiMfe^^i 2 o 4 ©^ffi^ittj^^ z<Dmmuft\an. nlil2^ 

/^77i20 2, ilniltt^|203 1 |2n«tftl¥l(M2 
0 4M3 n«W^|2 0 5CJ:otnflli«2 3 0*S«1«*^ P 
Mtyy KJSl 0 S^t^piRU^^^^ M20 8l^J:oTnil!l^^24 0 ri^ff jsfc 

^5il©»»l2 0 8 a i!2©Itt^M2 0 8 b tftZSAZ. 

mm &fritim*mi&tt u wib 2 ^<omcm*mvm<o ? < ti>mi 

p{RiJ^>-^ h*2 0 8Sr#^raiWfB2o0^b» 2 l £ *fr®«>5t>^'fe< it) 
— #Of§ 1 ©£{t4fc*MMWR 2 0 8 a I n &^A/*CWt, 2»0^ 1^2 <7>^ 
-fk#i^^2 0 8 a, 2 0 8 b £ &1EZK8tM £ *Wti@&^4iSj£ £ "t" 5 - £ I- 

tas-e#5 0 nni-J;oT, j@te^«ii-Cfcl^JB<B I nG a N*»?>**ft*« 
8 SkT<Om 1 l-^Fi - ^ 1 Oa{k*¥3M*BI 2 08 a^2 <Dmt%)¥ 
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MfcWk2 0 8 b t 5 r t i- J: K) flSfifc-r 5 £ 1 £St?# 5 Q 





m i (Drntm^-nw-Wk?. o 8 a 


m 2 cD^fb^^^Bl 2 0 8 b 


1 


I n,Ga ,_ X N 


G a N 


2 


In.Ga^.N 


I n V G a X _ V N (x > y ) 


3 


I n , G a , _ T N 


A 1 T G a ,_,N (0 < z < 1) 



a^^i--5fcfc^, mi<Dl n x Ga ,.^(1 £?£L<tex<0. 5 

£ti, i^4L<lix<0. 4, ^b{-$f^L<«x<0. 3i^^$ti,5o 

<Dt&m.m&M< $?*L<J3:0. l//mOT> i^4L<tt500A 

l £SS 2 ©»^*IoIIii^Hfix, L < l 0 0 AJ^T, 
J:«9^*L<fi7 OAOT, £bim$.V<te50A£XT\zmfe-tZ> o ffl; ftk 
$?£L<«, 10~4 0A©^«m„ 

pfl|=i^^^ M12 0 8«r«ffti-58l ^2©tW«2 0 8 a, 2 

0 8 btf>JRJ?«: l 0 0 ASAT\zmj£-t &(D\-Z y f&i k$(S2<DmUfo¥%H*B2 o 

sa, 2osb<ommaK looAxvm^^t&mm^mfcmtfmkmmu 

T, If? 1 t^2©l^¥fM2 0 8 a, 2 0 8 b fi % < 1 1> 1 

*^^-C«, US 1 ©lj*¥^l2 0 8 a ^2©1WIM2 

^ M 2 o Ut pl^tttSr^t i 5 l^liJ:^. SB l 0>&ft 

m^-mWm 2 0 8 a Xlfff 2 <OSS<k4*^frJR 2 0 8 b p K 

£©J:5fc, |^U|2?)iW^M2 0 8a, 20 8 b©H, — 
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f5„ :Waot i m|2©Wlfrl20 8 a, 2 0 8 b i« 

0 19 /c m 3 ~5 X 1 0 21 /cm 3 ©^i©pi^Mtll' K— 7°U {fo^GO^t 
4fc2£3M£Jitt:5 X 1 0 18 /c m 3 ~5 X 1 0 1 9 / c m 3 CDfflfflXh-DXl)^— # 

1^^*11^1X5 x l 0 2 V c m 3 j; 5 ^V^© p 

IK/^^btfe^ 5X1 0 1 V c m 3 J; "3 '>^l/ ^ f^^^ t y 71^5 

**W^d3V^T, p0!l3^^^ M20 8{3*5V>T, ^ 1 ©KMfc^Mf 
#JR2 0 8 aXte$52<DmkV0¥*g&m2 0 8 b <^i*n<Z>JgSrft_fcJgK: Ltt) 
ct<, v^Tn©«"t?pfflfl^7S' KJfl 0 8 «t5^b-Ct>ftv\ La>Lfc 

*mWX\^ I n ^^tfl 1 Wtlbfe^MS a ^t±II^ *<Df& 

r©J;5fct5wi:-C, piKl^^ h®2 0 8 t pWBk s^S&Hg; 

SI 1 C9^<b^^^2 0 8 a fi, I nZ-SAsX^^ftXte I n £ 
^•^A/WSSK i2©Ifb^*!2 0 8 b{dit$J?LT^VK=¥^y^ 

i; x SBl ©t^^M 2 0 8 a (^-fiffim^^rO_bC^^^/^-2f6fiL t 
tt> A 1 X G a i_ x N (0<x^l) a>b&5JB£ In y Ga,. y N (O^y < 
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pi^ 5 <y KI§:«^t5^I©iJ¥i4v 0* b < f*#t£^PS#o 1 0 0 AJWT 
«R£U «t«J»*L<tt7 0A£AT, Skte#£L<te5 0AOTl£i8J£1-3o 
(SS, ftt>#£L<te, l o~4 o A<DfSK(c!3:£:1-5o :o±5lipS^7s'K 

£5 0 pfl^7S' Kil 0 8©^fti LT©ID?li, ^tKttlOOA^ 

ikya 2 £MfcWk2 o 8 b <t (Dp^mtfcffiMJl 2 0 8 c ^^lt^^t\ -mm^wm 

cb\*. W> 1 <Z>^ffc%¥ag{£JK2 0 8 a <Z>jfaj&7>£>3S 2 0>&fMfc*NJfM3l2 0 8 
b 4>»J*^ £ , »l-^f trf 5 «fc 5 tcff $ # fa tJi*aj*S:^W l-^fc $ Sr 

W*.^ *lW*4b«l i l £ »<Mi2 0 8 a£ I n.Ga^Ni LIB 2 <Z>£ 
{b^^^SI 2 0 8 b^GaNt 2 0 8 c fit, HI 6 B 

2 0 8 b{d^-T5®{-fR]^oTff$^-fai-> I n<DJfifigit (x) ^##1-^1" 
S®<bi--5o ft, *Hlfe©^t82Jj:33V^T, Mfiil2 0 8 cli, 

^±cdJ; 5 tc:^$ti,fci^lffe0^2 0^k^#-#fl^-^t4, IB l <DmtVs¥ 
##1812 0 8 a t^2rotft^M2 0 8 b £ <7^#TiM7^iSiS^M: 
LTV^vvzre, l©^l^i©tWiM2 o 8 a iri2©gW 

2 0 8 a i:l2©tWW2 0 8 b i^g^Sr t^t§5„ 
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±.&<Dm i o>m<tm^n^m 20 8 a^in I Ga 1 . 5 Na$2 <omt^m 
nm*mwm2 o s b t<omz»\tz> i nomm^^-r^^t-^x^ . 

5 mM(DMM 5 . 

7 |102, TV K— aNll03, nM^*B4fc£r£tf n<BI=i V* * hJl4, 
10 TV K-/©T8 3 0 5 a, n S^Jfil* K— WWB 3 0 5 b jfcttfT V K— 7° 

»_bs 3 0 5 c ©3§^b*5 n$jg? i &mmm 305, 1 ©^w^^^flKis 

3 0 6 a RXtm 2 ©IW»^3 0 6 bi>)^5 n#JH 2 #JHHjf 3 0 6, 

m?7iy h*m8X\*pWm— m??? KJf 8, Mg K-/p«GaN3^^ h 
15 S9^MgmMB$tbfc«atS:Wi-S. 35fcin4W=« M4±tinii 1 2, 

^C0^OS«¥#^*^t-*5^T, ^^771102, TVK 
-7°GaNll 03, n{Rij=< V^ * hJl 4 , nflfllg 1 ^SK® 3 0 5&U«nffl9» 
2^jf©IJl3 0 6iaotn«|3 3 0 2M*&£;K pM? 7 v KJf 1 0 
20 t;pilGaN = y^^ hJ!9K:J;oTp{l!tf»#Mil&£;tv5o 

*|U6©^ti5^*3V^, KtRlfcLTWU f77'fTCi, R®X«Affi^r 

^ffit-rSir-^T^T, ^oftH, (M g Ai204) <Diiot£.lfeB&(om 

Wl<D^ S i C (6H, 4 H, 3 CSr^t?) , Si, ZnO, G a A s , GaN 
25 *^Jfi^t©5^*5V^, /<j/77ll0 2i:Lm Ga d Al,. d N ({II 

d«o<d^ i (Dmrnx-foZo ) **e>*i*^k«!J¥*fr-c*>u, ^kuai 

(^fiJ^S/h^v^^ls^^^efeg^SS^i^ 9 , J: 90* L< lie a N*»fe 
45/<s/77il 0 2^lfe>tL5 o 

^y^TJBl 0 2^J¥fi, 0. 0 0 2 — 0. 5/ira, &H<li0. 00 5 
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~0. 2/im, 55fc:#*L<K*0. 01—0. 0 2 n m<DffiBteffi&1rZ> 0 s<y 
77110 2©JRffjiS_tfa«Sffl"C*>S^s WiWI^^tn^iS^ 

#£*t>, ^77110 2±^«$*sa<b*¥*flc©3it*tt« s as:»*tL5. 

^y77il0 2 ©J&fififtWU 2 0 0 - 9 0 0°CT-fc 9 , »*L<»4 0 0 

n^^Sr^n-fr-ri-^SbT^SS^-ro /<jx7t«1 0 2ill7 7K- 
7GaN|l0 3 ^fifefi i 7 y K-7*G a N« 1 0 3W^5^^ 

9, 7yK-7"GaN|l 0 3±«$t5nl3y^^ h g 4 ft if <Z>Sjg,SM4 
t>&£?£&5 0 TV F— a Nf 1 0 3£>IgJ?: £ 0. 0 1 m mJ^±-C 

tb^Os »^L<«0. 5Mm£t±Tfe^ iD^tKttl /im£l±tfc5„ 

MW4&&3 X 1 O'VcmHU ^L<tt5Xl 0 18 /cm 3 K±©l$t 

-T5£, V f &uqSMSSriST$-*5-i* s -C#5o ^M^it^-tlElSfflSrM. 
■fSfcVf a$(£TU£<<fc5ffilRjaS*>*„ nffln>^^M4fc nl 

^FM W^'h $ V ^itt©^/i7 y F-7°G aNil03 _h{-Bfi5c$H5 £ , 

nftlJ=iV^^ hJp4tf>i!&J&te, I n e A 1 f G a ,. e . f N (0^e N 0^f, e + 
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f mo. 2ut(da i f c a „n t^z fo^mm^mfcmtm 

f$.-fZ>mX*hZ><7>X*0. l-20/jm, IfSKttO. 5~10//riu XVftt. 
(DV f tf^t LV\ 

*HJfeW^tiS5^*SV>T, n<l!imi#®JIIji3 0 5 tt, SM^b, 7 
>- K— 7<£>TS 3 0 5 a, K— ^©^WMI 3 0 5 b, TV K— 7°CO± 

§3 0 5 ctf>^&< £ ^ 3JS;6»k#iJ&£tvr^<5o 

nl|l^ll|3 0 5 SrJftfrr 3 #^^X*tt#«»JE^^^# 

3 0 5 ttar tKX Y) , LTO*^«H4, 4*^»3tttJ^Xtm®»EES: 

r i-c, n®m i g-mn&m 305 {c«±ibts 3 0 5 a ~±s 3 0 5 c 

r*bibT*3 0 5 a~±i3 0 5 c *m&-fZ>mm^frt LT«, I n g 

a i h G a i-^n (o^ g <i, o^h<D xm£tiz>n*(Dmf&<DmkV!i¥m> 

nffiflfB 1 3 0 SCOflUffW:, #WE££;h/fcV\3S % 175 — 1 2000 

ty^M^-At'fc^ »*l<«iooo~iooo o^->^ hn-i»-e 
J:^t L< li2 o o o~6 o o oty/^ ha-At*fc5o Mi&MM 
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±.mffi.m<vmm z^-rzm 1 &mmm 5 <7>wmv>mm^ rm 3 0 5 a , <$m 
13 0 5 b, Rx?±.m 3 0 5 c (D&mm &M&m& lt, ib 1 &mBm 5 <z>&si 

*fc *»©»tB5-ctt, n«iig 1 &mmm3 0 5 ^«^-r^re 3 0 5 a , 

5 ff§IJ§3 0 5 b&tF_hJl3 0 5 c ©#BWfcR£3;lx3fc©Ttt*v\&s, 

(1) ffltfl 

Tig 5 a <^KJ?^ 3 0 0 0AiU (f)|RIJi 5 b Ofllj?^ 3 5 0 A t LT> _LJ1 
5 c©JK»SrlllftaE<kS*feLED*^SrfSKL'r, #*^^<b (*JRJ?r^) 

^(D&gkzm 9 ARxfm 9 b 

(2) 8**t2 

TS 5 a ©j&J¥& 3000AH, JlS5c <DB:W^ 5 0 A £ l/T s ^PbIS 5 

^(D^^m l 0 A&l^H l 0 B \z.m-f 0 

(3) tfef*3 

*ikijs 5 b (Dmm% 35oa^u use (Dmm & 5 0 a t lt, tji 5 a 

*r<E>*£*«ria 1 1 A&tfEl 1 1 B \z.7jk1r 0 

rt&j&-rzMi&M 34 1 mmn&ft-zim. ufc Q m 9 a~h 1 1 b \zm l 

25 ~0 1 1 BK^T, P o ra3&#ffl;fc«r*U V f tt)W^[SjmjE^i-o 

sjL±.<z>ffitmMk\z&3i< ^x^m-r 5 £ % r > k-^t/i 3 0 5 a co^tt, 

100 — 1000 Oty^ hn-A, L< «5 0 0—8 0 00t^ h 
A, J; 9$?* L< 141 0 0 0 — 5 0 0 0*1/ ffx. hn — AT'^ 6 7>K- 
Zf(7)TM3 0 5a(l Ull 1 A&TjqUl 1 B(^"T J: 5 8IJ?^#^{vlff< L 
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TV>< £fi>mWI£^±#LTi^< tf\ 10 0 ooty^ fn-AtiStV f as 

n M^FM^ K— MM 3 0 5 b C0M1?}4, 5 0 — 1 0 0 0 ^"^^'^ h n — 
A, ^Klil00~50 O^^* hn-A, £ 9 £f l£ L < ii 1 50-40 
10 OaJ"^^ hc—^-CfcSo -<^^W S K— ^nfCfUUJl 3 0 5 b|i % ^ir 

fcfco-cv^tara:, ^^3 o 5 b©WS50ty^ hp- A-e^l§7tm^ 
*fc, 01 0Al:/T^i5l^ BEVdsi o o ox-isf* bP-A»5i 

20 r^K-^±i3 0 5 c©BB¥li, 2 fft 

L< (2 2 5 — 5 ooty/^ fP-A, £«9$?£L<W:25~ 1 5 0ty^ h 
n — ^-efo-5 0 ZLCDTy \?—Zf<D±M 3 0 5 c 13^ H 1 #JiBI«>f»-CfiH4St-Sc 

±S3 o 5 c©idi^2 5^-^^ fp- A*?»-ctty— ^mM^mun-r?)^ 

25 dSfcio £fc> 09AXl^9Bt^Jii5i5l^ ±M 3 0 5 c ORVftS 1 0 

0 0^-v^ hP-A«5i:V f *s±#L»Si»J£t>(STi-5o 

£Lt<Z> <£ 5 l-x TJ1 3 0 5 a — ±J1 3 0 5 c tf>£-IHJ9te, -tlBl^ Lfc«fc 5 
#Jptf)||jSff<Z>3E»lU: J: 9 jKWStl^t-V^^Wtt^B Lv TS 3 0 5 a , 

*H8J1 3 0 5 b^±l3 0 5 c fcifc^Jb-tirfcRS^ tSac^Hettl-^TaSKB: 
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Sfl&ttSwffl^oag^^ 9 , l e D$f ©it^/ji iff* ©^ici u , *t> 

±ISIBl#»mJSS:«fife-rS«-®©iaj«f4, In,Al h Ga w N (0^g< 
1, 0^h<l) •C*$tu5«aj*-Cfe*tH!J:<, #i«iil^--etl*oT 

±1BfS 1 3 0 5©nIW V—^<D^mm 3 0 5 b ©nf^Mtl© 

K-^Sti, flHiRje^frfcV^ 3 x l 0 18 /c m 3 J^_h, »tL<li5xl 

*V^S, |£,g^a^§<*9^fcVV|S&<Z>l»#£ Ltli5 X 1 OVcm'KT 

nMljtUIISi, Ge, Se, S. 0*£<DmMfei£& IVB»e % » VI 
BJJot**»RU ff*L<BSU Ge, S^nS^tt5o 

©^fttfe^NlfttR 3 0 6 a^ 1 (Dmtm^WmZ 0 6a £S*5*iJ* 

srWi-s»2^-ft:«B 3 NK4Eiii3 oeb t&mmzMt&mni>*t>i3iZo ~<vm 

1 0&ffc«5¥-3lfttR3 0 6 a, *fctt»20l{bft J i £ *«:R3 0 6 b <Dft<D'J>te 
J:l9fftL<li70ty^ hn-i.^ L< fit 5 0^-^^^ hn — 
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^ 1 <Z>&fl2»¥i»fMJi3 0 6 a Xtefg 2 ©»¥^3 0 6 b <7)4>fc< t 

a , m l < tefd 2 oft^^flcR 3 0 6 b ^jitstt^^ < & «9 , ^smui 
nwt{bWiM3 o 6 aRnm2(Dm<m^mwm3 o e b^jgi 

IWKfffiJLTfc 9 x JWCfiW&S^S*^, $ l »SfcflS*¥#tt«3 0 6 a X 
\tm 2 <Z>3£ft$j¥##IK3 0 6 b 100 ^"^^ hD"W©I^t 

, nmijm 2 ^JUM 3 0 6 2Sj@|&^«3t£ 9 , ~©£nflt4 
(Z)fiv^eBI«|3t©±lJ:iStt«SrJ«SS*«i, n <R|f& 2 ^JUglS 3 0 6#>*y 

*%1fo<DT&m 5 lC*5V^ N nfl!|fti$3 3 0 HlfH2niRlJ^ 1 ^JgflUJl 3 0 5 i 
±IB nftij^ 2 ^JlliilS 3 0 6t £ % &%&f]frfa±. U V f 

£ fc> n iB!l^ 2 &mmm 3 O 6 <7>iiufEg§ l <Z>^»¥##BI3 0 6 a Scfcttlffi 

2 ©^k^^^M3 oeb ©rt©^* < t i>-jj(Dimmte, wfetzw, 1 

oSfttt^Nfftlls 06a *fcf4J62<&aHfc«^fMl3 0 6 biigdrT'Slv^m 

fcoTt>, -Ct>«tV\ #l£L<te, il©IWift:|ll3 0 6 atfcl^ 

2<D£<b4toHMV{Ml3 0 6 b ©i*i<£>4>#< £ t>—:#©JRJ?fl s » fiSTTa^ 1 <vm 

fcft¥&ttl£3 0 6a, tfc}i^20lfbft^H3 0 6 b m±X«S.\, ^mtt 

^2<D^b^^^3 oeb %mwtmffimLt^mWkm*tej8.i'tzm&\^ 

m 2 <D^»^ftiif£3 0 6 b (IB 1 <^fc^#ffcJg|3 06a) (OB^ t 
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fctfcA/iifssi (Dmtm^mwms o e a (i2©t^^M3 o e b) <7>jm 

0 6 b £G aNitfci^ G a N® ^Ga Njf £ <DP B 1<7> I nG a Nf© 

iz.xv s &m&mftfflz&^xmvf&&m£t mmm^mmm^m\^ 
<D*—h*&m&xzz>o 

Mz-ft. m- in M7tm<DMf&m±xm^mt£ t^tz> t . 3? 1 <Dmtm^m 

M^InGaNtU fg 2 <D^b^ i NI|{«1l£G a N i L7ci§£\ G a Njf <t 
G a Njp£tf>^<£> I nG a NM<D I nMf&^taUl KSHfii- 5 l^ot^ll^ 

<b£-frT. *S^Jic:m^Mbfc^bfe^^g^^S ' fctfs-ct So fcfc 

jiiecd n^ijm 2 &mmm 306ft #ijxj£, m 8 {c^i-«t o \z. s m&m 7 *m 
A,xTmz.hz> nmmkW¥-m&m\^ 1 n %^nw, 1 <Dmtm*m>fcWkt, ^ 
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titznmm2&mmm3 o 6£wlt^<5 0 nmmz&mwmz o 6ic*jv>r, 

n #Jfi! 2 3 0 6 asfiH4S LT7« £ fhX v > 5 ?>ft#J 

io ^2 (DmtM^mw-m* ^-rnx fcs<, n 2 3 o e omre* ««p 

\Z.fSi 0 i> (DXnfo\ &:fb\ H 8 -Cfi n 2 3 0 6^ 7 

$ i (Dmm^mfcmn i n &-g-t? mm>*m&, 0* l < « 3 5GiM<z> i n 

15 k Ga H N (0<k<l) fcU. ^?>{-0*L< ttkieiSo. 5«T©In k Ga 

,- k N, *t#*L< ttk«[dS0. 2TOIn k Ga rt Nit5. — ^ 12© 

20 3 5uMbb^ I n»G a ,,N (0 ^m< 1 % m< k) L< fctG a 

&J&nX% Z> 0 LV%Jfi^*>*i: LTtt, $ 1 tf>^{fc%^#£ I n k G a 
k N (0<k<l) fcU ^2©lW»In.Ga^N (0^m<l, m 
<k) % ff* l< HG a NfctSiB^^^jrfe^S. K{-#* LV>JjSE^ 
25 ^irttli, ^l©!Wi*l©kI^0. 5Wln k Ga H Ntfc 

*iTV^t>J:v\ i" 3 fcfctett, ffiXfrT^ K-^-CfcS - £ 
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t£-HnW?mmb LOi, Si, Ge, Sn, SlfcDIV$u VI J^tcS! 
LOSftU £ L< fit S U Sn*lV>5„ 

nS!*«4fcSr ^*€»»«f4 5 x 1 o 2, /cm 3 J^T, L< 

liixi ovcrn 1 ern-sMrfSo 5x1 o z, /cm 3 «t 9 h^^tmtm^mfo 

ft5tfb#l^, 0*L<«, In,Ga,,N (0^a<l) 

*myoRx$/x\-±pm*mM& f-^lt^ j:v\ sta^^n^M^ k- 

7°-r -5 £ T ^ K— 7V> t> © fcUt^TV* >- KW*3iaft*Sr $ h < i" 5 - 1 
S14g7tc:pSi^*fi4*S: K— ^T<5 KM**© «fc «9 

0. 5 e Vtev^^/v^-HWtitr— ^»S«r^7 h^^SrtiS^S^ 
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— P*M «£>J?£fi2 0 0 O^^* ha-AJ^T> ^L<li5 0 0ty 
}-n — AJ^T% «t >9$f*L< «3 0 0^-^^ hP— i^OTt-fiS-rSo P* 

ii/icoiii/p:w±PS^^PS^^H^v^^ i fms^_h, $f*L<iiio ^-^^ 

*lliS<z>M*5 {c^VN-r s pM??? K»8te, ^^K=¥-r y^^/i^— <£> 
^S^5> ^/c«pM^FM^^^-rSA 1 bG al-bN 

p w&mm* ? * m i 7 <D&mmm*m&-tz>Wiz . % 4 

i»J£TF> L< fil o~4 0^-^^ ha— ^^>JRJ¥^IMiSix, fS3^ 

-ftfto^MrfWi £ ffi 4 <z>£*B»*NffrJR £ oUffi, R--e t> o T v ^ t J: v \ 

wfginjfcifcSo rcoJ: 5 &IB&J¥<£> 2 l^7t LtiWiLt^I 
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y F-^G a N i ^51 2 Ot^fe^M 2 5^^^ fP-A^ft$t 
So i^TTy K-^I n 0 . 03 G a 0 . 97 Nf^4 5*^7* ^ 
^T7yK-/GaNl^2 5^-^^^ ^t-T^K— 7° I n 

io , 03 Ga 0 . 97 Ni^4oty^fp-A^^„ ^© i 9 lati 1 ©ift 

15 XI OVcm 3 K-^Lfcp^A 1 0 . 0S G a a9S N i •!) 5 ^ 3 ©l^i^llr 

4 hn-A(DBi)?:-t?^S^-&, W:7yK-/GaNJ;^ J :5|4(7) 

^bfcp^A 1 o . os Ga 09S NJI£3 5ty^fP-^ ^T^K-^G aN 
^2 5;*-^* hP-i*j&e£ii:5o ^<7)J; ?f-LTfg3(D^fc^#&l^<^ 

^ 1 ilf^^LTLED^fc**^ »jl©t©tli 
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MMMl l-*i^t> niW^SJRSeSrfifeftS-tirSBS, TV K — ~7 I n 0 03 G a 

5 0 tV^t I n<£>^r/W££3^f#< Lfcl nGaNl^2 5^^^ fP"^ 
i^V^Ty a Nl?r 2 5 h n-A^S$€5« Z<7)£ 

et, ^2©it^sti og-ro^jSL, mmm^mi <^«^ i no . 3 G a 0 . 7 

|5jC<HJSf!ll p{R!l#-«JglS8£j&;g£-3:5I^ Mg&5 

X 1 0 19 /cm 3 K-^LfcpMA 1 0 . 0S G a 0 . 9S N<fc "9 &5fg 3 (D^b^ £ *fMfl£ 
2 he— J±<7>mmX*J$.M£lt, m~Tl/ K— ^G a N£ 15^5140 

K-'/LT, A 1 ^jjaEfctt^T^ LfcpfAlGa Nl?r2 5i-y^ h nr 
—A, ^^7^ K-^G a Nlr 2 5 hn-^ft^-fr5 0 ~ <7>J; 9 i-L 

&#j*-*-5t&i (Dmtm^mi^m<D^(D m m5ummj&%&z.x\<^tcfr, ^2 
mmm 9 . 

cm 3 K-/UcpSA 1 0 .,G a 0 . 9 NJlJ; <9&5 plRO^ S> KJS 1 0 8&2 0 0 
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%mm 1 0 . 

cm 3 F-^tfcpMA 1 0 .,G a 09 N^«fc 9&5 p iR»J^ ^ ^ Ffl0 8Sr2 0 0t 

5, h«j 2 ^ fj{^^c^ii#t4^wi-s l e Dmf-tmbtitio 
mmrn 1 1 . 

^^<^5J:5>{--rSft!l«^i-LTLED^^^Lfci:r6, »J8 £ 

mifowi 2. 

H»(Jli^V>T, nl#i)ll6 £rj}5cft£-t!:5l^ Ti^ K — 7*1 n 02 Ga 08 

-7° I n aos G a 0 . 9S N £ V ft 5Sfi 2 <7>^M?^»#:Jiil<§: 2 5ty^ha 

ft -5fth.fi, HWlll £ITOf-LTLEDSt^£rtf^L?c£:r5, H«Jl£> 

Hlfe^J 1 3 . 

mmWl f-*5V>T, p$!l#SJI§IJl8 3:;$ft£-l±5^ Mg K-7°Al O0S Ga 
, 95 N i >) 1 ©IftlJ^M?: 2 5 ty^ bP-AM^, 

^K-^I n 0 ,G a^£K>t£ZW,2<Dmm*mWWk*2 5*1/ f?* hn-A 
^ft^-fr-Sftfed. »IU»LTLEDifMLfct*6, »Jl 

^ t t mmmvwvkz w-r 5 ^ tifc e 

* 5601 1 4 . 

mmmi (-*5V>T, nlRI^JglBIJf 6£/&ft£ii:5l^ K— 7° I n 0 . 03 G a 
197 NJ:^^il©IWf*i%2 0 O^^* hn-^I^ 
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-frsfto i-*t>*>v mmm 1 iz&v^xm 1 ^>^b#»¥^^^^ 200^ 
1 5 . 

HJ£0iJl K&V^T, pM&mmm8%l&$:£l£Z>m. Mg K-^A 1 0 05 G a 

mmmi bmm^xLvvm^ftm^b^^, ■mm.mi^h^b^ 
m mm 1 6 . 

*mwizm&mMM 1 6 (Dmtvo^fc^fe, m 3 i^-r P muk 8 0 1 n 

*^»Jl 6®W U*^>f^— Kfi> 8 0/ira©f^©GaNSS5 0©±(^ 

(1) 3/jm©)|^S i K — Zf<DG a N «fc 9 &<5 nlG a Njg 5 2 % 

(2) 0. ljimOf^In 0 ,Ga l9 N|5 3, 

(3) I n,Ga H N/nlG a N^bfcSjgte^fllit© nflfl^ V y K15 4, 

(4) S i tfS K— ^^tbfeO. lMm©*$WnlGanWKl5 5, 

(5) I n 0 ,Ga, s N/I n, ffi G a agB N#m*^#F*3t0>i&ttg 5 6, 

(6) Mg^ K— Zf£fofc2 0 0 A0DJ?^(DA 1 02 G a a ,Nl 5 7, 

(7) Mg# K—T^ftfcO. l/£m©)?^(7)pSGaNWKi58, 

(8) A 1 ,G a H N/plG a N^b^Sg^MCpl^ 7 y KS 5 9 % 

(9) Mg^ K— -f&fot'Q. 0 5 n m©i^©plG a N^^i?^ hf60, 

ft, n«l^7yKi54tt, 2 5 AoiPSSrfLS i K-T'SnfcG a NR 
b 2 5 AoJ5£££- LT^ K— 7*© I n,G a,_,N0l£i&5#2 4 0®, ^Si-^f 

*5V>T, r^K^flDI n.Ga^NJKtt, itt)gW<I^T, I nOfi 

^#<&5£?i-> x^^o. oi~o. 3 (Dmmxm^mt^^ - £ £ 

fSttif 5 6 fi, ^ti^tL2 0 A<DJ¥££WLS i a* K— 7*$ttfc4o© 
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In 115 Ga &B N#F|^ 5 0 Ac£>J? $ L S i ^K-/$tlfcI n, ffi G a 

pMfyy KB 5 9li, 2 5 Aog^lrW LMg K — /JHfcG a 
NjRt 2 5A©H^^L7yK-/©A 1 ,Ga H N)gir^l 2 Ojf , ^51 

liSIB £*i/r * 9 , £fr t Lt P M<£>af mtt^-n rrt% P w? 9 s> KB 5 

9K*5V^ r^K-^OA 1 y G a ^Njg&H, < l^ot, Al 

<om&'pt£< ft 5 «t 51-, y©I^rO. oi~o. 2 cDt£HT*|ii»{b$-*-5 ^ 
<t (ni: «9 , p^7? KB 5 9<^#fl^Sr^$^TV>5 0 

*^lil6T1i, ±M<D (1) ~ (9) <D&m&J&f&L1t&, 
~r&Zt\^£ V , *S3 Mm, S£4 5 0 /im©!J yi/ftZSkt U pl^^^ F 
B6 0CQ±{^N i/Aui»W5p«tft6 y i/v ? C0Jt'(ft l Jf^'f5:Ki~ 

SnlGa NBJbiCT i / A 1 frhftZ nffimffiSrJ^fife^So 

S i0 2 ^2 -<T?F^i-s r. £ X. <0 x SttMIt^ 5 0 %\Z. Lfc 0 
0SJfe#iJ 1 7 . 
(^y7 7i 10 2) 

7£TMG ( h y ^^-/^y >7A) StRl±^G aNi^5^y7 

71102^15 0*1/7* Fn- AOIRJ?-Cj£ft$-£3 0 
(7 ^ K-7°G a NB 10 3) 

^^77110 2^, TMGtf>^lh£>T, 1 0 5 O'Ctt'lf^* 
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7yK-^GaNll035rl. 5 n m^flfllpT'jfcg^-frSo 

£fflV\ Si £4. 5X10 l8 /cm 3 K^LfcGaNi^i^n 
(nmiJ^l^BlilSl 0 5) 

Kk\ZiS7 V#:*<D^lt#\ 1 0 5 Ott\ TMG, T:/^-— T#*£:fflV\ 

-C^^^^^<lrii^Pt S i £4. 5X1 0 18 /cm 3 K— :7°LfcG a 2 5 3r 

TyK-^GaNl^b^SAlt, Si K-yGaNilrft5 2 5ty^ 
hn~^<DB/f £/^b&6^T£f&S:£-£5o ^LT^7^2 5jffWf LT2 5 
0 0 hv-J*mt LT, i 9 fcS nffiij^ 1 #/gflg£ 

10 5 £/&ft£-£6 0 

(nmm2&mmmi o e) 

PJflfoDiag-C, 7 > K-^G a N «fc «9 2 ©fS-ftfe^NJfrSI 10 6 

b&4 Oty^ hn— iWCi&l££:8 0 Ot^tT, TMG, TM 

K Ty*-7SrfflV\ 7 y K-^ I n o. 13 G a 187 N J: 5 1 1 
ftiKl 0 6 a«:2 0;*-^* i^gS^So ^ LTr^bOSftf^SrH U iS 

•J*5nflj|B2^JBfflDgl 06^64 0^"^^ h n— A0>g8¥-Cfifcg$il:3 o 

TfK— ^G a Nit) * 5 ROTS: 2 0 O^?* 1> p— acdJHJ¥t?j& 
ffc$** ^TM3r8 0 OTCfcLT, TMG, TM I , 7^*=7S:ffiV^7y 
R-:/I n0L< Ga ft ,NJ:!)45#FISr3 h 
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«fc 9 fc<5i£ttJg 7 SrrftSS^So 
(pfli#JiJK*7S' Fll 0 8) 

^(C, jaKl 0 5 OtfTMG, TMA, 7V^7, Cp2Mg (v^ 
^^v/m-/W^i/t>A) «rfflV\ Mg^lXlOVcrf K— ^LfcpSiA 
5 1 02 G a 0 . 8 NJ:^^i3©IWWl O 8 a^40t^ h^A© 

)IIIffT*f&A£-^ ^TMf£r8 0 (TC^LX, TMG, TMI, T>^ = 7\ 
Cp2Mg£fflVNMg£rl X 1 0 2 Vcm 3 K — ~f\,fz. I n 0 03 G a 0 97 N «fc «9 fc5f&4 
©SfMfe^NIMWJIl 08b^2 hn-A<7)Jl^i¥r*^*$-^5o * LT 

(pffiijGaN^^^ hM9) 

1^X1 0 5 Ot^C, TMG, Ti^-T, Cp2MgSrfflV\ M g £r 1 XI 
15 0 2 Vcm 3 K-^UfcplG aNiDftSpflfa^^ h«9%70 O^^X 

&j»Tm> ?as^ia*-cTJf, zbiz.&.m&m&.tps c*-^«rRjs»» 

20 igoiffiC^fMt^^^WL, RIE (^tt-r^-^^^^^) 

X hn — ACON i i: A u £-a 5Mftt£<7> p 1 1 t. ^OpSil 1 (D±\Z7$ 

25 vt=v y/ffl©Au «fc 9 &5 p ^ K®Bi i i & o . 5 /z m«-e«t5 0 

trnWBl 2WLTLEDi : Ft Lfc 0 

U Vftt3. 5VT\ «(D#fiS^#F^it^)LED^^ic:itl^LT> Vf 
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■CI. OV5£<(6TU mt)U2. 0TOLbM_bU5: o *KDlt#)* lOraAT' 

7>K-^GaN«i:!5*5l2^y77i, Si K— 7°G a N«t 19 &<5 nffl!|=i 

K — ~f A 1 0 ,G a 09 NS, Mg K-^Ga N^bftSp^^^ hS^IH^ 
gLfct^-Cfc^o 
HJfe0<J 1 8 . 

H»Jl 7lC:fcV^ fSttS7^^TOj: 9^x.5ftilfi^{-b-CLEDm 
10 -?£f£ML/c 0 
(M7) 

^{^, TVK— -?G a N<fc«9 #5 l^liS^ 2 5 O h o — 

ieV^TM,K^8 0 OtliU, TMG, TM I , TlS^^T&m^Tls 
K— 7° I n 03 G a 07 N j; ^i5#Fi^3 0^"^^ hp-A©)iftM$* 
15 5 0 ^:LT|^ii+#F+^+#F • • • • +l^litf>MI-C|SH£Jl£r 7g, #Fg 

#btlfcLEDif«, IHt^rnafE 2 0mA{Cl*5VNT, 4 7 Onm©iffe^ 
ftSr^U f£J60!ll 7i:IM#^g:$f^m^#^nSo 
20 HJS0i|l 9. 

(^tt®7) 

^ic, T^K-^Ga N £VteZV&mm$:2 5 0^->-^ h d-i»<7»g|ff-Cf& 
25 gEV^XM^8 0 0*C{3:L-C. TMG, TMK T^-TSrfflV^T^ 

K— -7° I n a3 Ga, 7 NJ;^j;5#Fi^3 O^V^ h a - A^ff-CfigS 

-So ^LTM+#F+p»ii+#F • • • • +mm<DMX'mmm%Gm. #fji 
<t 9 &5^t£jf 7 ^ft$*5o 
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H»J 2 0 . 

I^tiaS?r8 0 0 t C|:LT, TMG, TMI, Ti^— T^rfflV^T^ 
F-^°I n 0 35 G a 0 . 65 Nj: 9 ^5#FI4r3 O^^* h n — A<Z>j|gffT?J&g £ 

ts, ^bTi^ig+#F+i*ig+#F • • • • +mm<DM-?mmm&7m. #f 

it J: 9 7 £-£5 0 

2 1 . 

(?&t^7) 

m^-s TVK- a N £ 9 £5 Pffg/lS: 2 5 0^^ ho-AroUgfC^ 
ft^-fr. ficV^TilJtSrS 0 0*CK:L*C\ TMG, TMI, 7y^7^^7^ 
K— 7° I n 0 . 3S G a 0 . 6S NJ: 9 ftS^FS &3 0*l/Jf* 

g^3g, StUfcttSLT* W 1090 ty/^ h n-i,©#iif 
m£Y)teZ>i£&m7&f8L&£ltZ 0 
ftbtbfcLEDf^te, HH*-fRia^2 0mA^*5VNT, 5 0 0 nmc£>#iitfe3§ 

^fiS^il 2 2 . 

i 7 f^vNTs nfti» 2 &mmm q ^^^^^mtmm^ ule 
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mmm 2 3 . 

5 tLTLEDJdf^Lfc, 
(p«l*-tt^7S' KI18) 

fi^l0 5OWMG, TMA, T^^ = T, Cp2Mg (S^n^^*^ 
x=;k-r^v/7^) Sr/flV\ Mg£rlXl OVcm 3 F-7°L/cpiA 1 0 , 6 G 

10 £-£5 0 

15 Hifc#ij2 4. 

(n{RiJf§l#SIflJSl 0 5) 

T> K — ~?g a NfJ:(J/j;5AM i o o*i/?x (.p-A^iDi^fi^^ 

20 Si^lXlO'Vcm' K-^LfcA 1 0 .,G a 0 9 N <fc 9 &5 BS£: 2 

fn-AOjg|ff-efifeft$^T/i-5A^i:B^(0 1^r^2 0lffU2 5 0 0 

25 H»J 2 5 . 

TLEDi^lLfco 
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£fflV\ Si £4. 5 X 1 OVcra 3 K— ^L-TcG a N «t <9 nW^^?? h 
5 HJifl#'J 2 6 . 

nifc^i 2 6 in 5 zfttzmmvj&m 3 dBsa Lfc^»j-?&>5 0 

^CDfdL, (M g A I Z 0 4 ) <Z>±5fcilfcfaf£<B£tRtf^ SiC (6H, 

4H, 3C£^t?) , Si/ZnO, GaAs. G aNf ©^S^IrfflV^ 

(/<y77i2 0 2) 

15 8c WT, 1 CC^-CW, =3r^yr^^*^, j^^^T:^- 

7120 2^20 0^-^^ hp- i=sC0JKJ¥T^S^^5c 

1 nmmm^&m 203) 

^^7tJS2 0 2&mk. TMGOO^ihfcT, ^ 1 0 5 O^T*±#$t 
20 5„ 1 0 5 0Wjiofcf), ^C<M^(ITMG, 7y^ = T^^fflV\ 

T ^ Y—~?G aNil!)45ll nilO^b^^^S 2 0 3^5/i m«IJ|t^* 
£it<5„ ^1 n{l!j^b^#^:S20 3{^5/^T®2 0 2 J;«9^i«ia, F^fi 
gOO'C-llOOmfi^^WWSK, GaN^n, In.A 
l y G ai _ x _ y N (O^x, O^y, x + y^l) XmjSrTZ £ t ^"Ct 53^ 
25 ^KliGaNX, Xjjt^O. 2J^T^A 1 X G a ^.NSrfflV^ £ J: 9Mi 

^T^K-^ilii--5fcfe^OttW**tt^^ia<> fefcWteO. 2Q • c 
mi 19 hXZ^^K SU Ge^cDn^^^m2n{Kimk^#^Sct«9^ 
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(m 2 nmmm^m^m 204) 

1 0 5 Ot;-C\ TMG, T^^-T^Srffl^ T^K— -fG a NJS^r 

X 1 0 19 /cm 3 K-/LtG a N®£r 2 O^^ ha-A©l(f-C^J^ 

t5„ r©±9(-LX, 2 Oty^ hn-A©7y K-^G a Nl^b^SA 
mt. Si F— ZfG a Nilr2 O^fX ho- Bjfi^b^5-^T 
5 <, ^L-C^rCO-<T^|«SL-C. ^IK-^GaNi?)/^ 1 //mf 
CDfS 2 n«»^#S 2 0 4 &f&M£l£Z> 0 
(m 3 n#M»^#S 2 0 5) 

&i£^^;#';*tf>^£rlti?\ 1 0 5 0°CT*^{- LTT> K— ^G a N J; *) ft 
5^3n|l|iW#fri2 0 5&1 OOty^ h o -^<7)|KffT^* 
r©i3nffllW^l2 0 5^GaN^tI n.Al y Ga x _ x _ y N 
(O^x, 0ig y> x + y=gl) xffif&x%, 
tfS, #£b< f£G a NXfixjji^o. 2OTOA 1 ,Ga !_ X N, fcSVMiylJ 
a*0. lJ^T^I n y Ga 1 + y N^-TS^ i <9 ^s^Pfe^^V^b^^S 
^#^tb6 0 I nGaN^ftHSt ^tf>_ti£A 1 

1 ( h y ^^/W>^«>^) x 7y*^7^ffiV^7yF-/In 0 . 4 Ga 16 Ni5: 

3 o h u~j±(Dmmx~&&£itx^-m*#j3ffimzm-tz>Wi&m i z 

(p^^ KI10 8) 

fil^l 0 5 0^CiI±}t\ TMG X TMA, T^~7\ Cp2Mg 
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tfcpiA 1 0 .,G a t9 N i 2 0 A©)?$I^S$*fct, TMG, T 

y^^T> C p 2MgSrfflV\ Mg^l XI O l9 /cm 3 K-/LfcplG aNi 

X r> % 0 . 8 /i nKDjgte^-Sd* b * 5 p 7 5/ Kg ZmtittZo 

{ptosis*? M20 8) 

fc^. 8 0 0tm^ 7° I n 01 Ga a9 N£9 45^1«iW 

*(Mjl«:3 0 A, Jfcl^C, TM I £Mt#>Mg£rl X 1 OVcm'K^LfcGa 

0 0 A^p{RiJ^^^^ H2 0 8£/£g£^5o 

|2 0 8 o3fBI«©^®^^^ Sr»* L» R I E (RjESte-f;*-^ 

20 ^B-CpfJ 3 ^^^ h««*>b^y^^^SrtTV\ 0 5^i-J:5l-IB2n 

lliJ^fb^^&S 2 0 4 <£>*®£Sgffi $*5o 

* hd— i^^N i tAu?rttfi»pi1il 0 ^(DpmMl 0<D±.Ktfi 
^7= V y/ffl©Au «fc «9 J&S p FWM 10^0. 5 n m^l?-C^i~So 

A I Sr-^tfnSfiil 2^^-TSo ittplil 0<?5*B5Sr«a-r5fe«)»-S 
i 0 2 «k«5*5*6»flll 2£0 5l£^J;5t^j£Lfc^ > ^«r;**?>f 

r©LED* ; Ftt2 OmA{-*5V^Tlll^"rS]®i±3. 2V, 5 20nra©lfei 
ftSr^U 2 OmAKl&ttSV f SrO. 2~0. 3 VfiT^tS' i:^, ffi 
0%&±fa±$'£'5£fca s T#fco ^J5g^2 l T^LfcL E D^F- 

Sri 0 Offlf^SLT, 2 OmA^*5^Sm^[plS£EV f UfcJS*, 
©Vf ftt, 3. 2V~3. 3 V<Z>«6fflKa*&L-C*5 0, S«)X^7S'** / >'j: 

3l»J 2 7 . 
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EWM*, H«J2 6 tR«|:LTLEDiWI!Lfc 0 
HJSM 2 8 . 

©«I n 005 Ga a95 N®ir-rS^«, »J2 6 i^iiatLED^ 
Hifc^J 2 9 . 

10 KMglr 1 X 1 0 20 /c m 3 K-7°Lfc I n 005 G a, 95 N§i LfcJ£W£, HJfc 

#y 2 6 1 mmiz ULE D^^-^r^M Lfc 0 

3 0. 

Jg|£rMg £: lXlOVcm 1 K-^LfcA 1 0 06 G a 095 N® i: ^jfe 
15 M2 6t mm\Z. LT L EDl^ffi Ufc c 

mmm 3 1 . 

girM g^lXlOVcm' K-^Lfc^fi, 26i ULED 

20 HIM 3 2 . 

HJS0II2 6(;i:j3V^ pGH^** hiS2 0 8 ^^5^, T^K— 7" In 
0I Ga 09 NJ:'9^-5^1^^^^(-ftx.T, Mg^lXlOVcm'K 
-:7°Lfc I n 0 ,Ga, 9 N^^,^5ll©^M^\ Mg^lXl O^/cm 
3 K-^ B LfcGaNJ:^^5^2(D^b^¥*^{^x.T > Mg^lXlO 19 / 

25 c m 3 K-^LfcG a Nil 9 2©tWi^fflV\ ^o^l^-fb 

Ltim-i, mmm 2 6 ^luiaise: ule dur^m 

HJfctfil 3 3 . 

6i;i#^T, piRiJ=>-^^ Mp2 o 8^JS^TWJ: 5i-^-f6JW^i> 
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%mm 2 6 1 mmiz ltle Dm*%fcM l/c 0 

-f-%t>h. 8 0 0 < Ci'^V^ > T^K— 7" I n^Ga^Ni^Ml^tlt 
4to^#KSr3 0 ATfcj&Lfc^ jj^cV^X. TMI«l:^'>^ HBjfcW 
$^Ir](-I n 0 .,G a 0 . 9 N^^G a Ntt'li^^bt5M«l41ML> T 
MI a?OK:&ofc&, Mg£rl x 1 OVcm'F-^LfcGa NJ:<5^5I2© 

IfijfcjWS^jRjfcG a N3&»e> I n ai G a a9 N*T?^{^bi~SiMffi^^ 
f£Lfc«, T^K-^I n 0 ,G a a9 N J; 9 1 ©IWiM?r3 O Aff^ 

$i-<5 0 ;^&f§ i (Dmtm^mi^mRum 2 ©^^^^^^^tt 1 0 

J^±©»J2 7-3 SOLED^fe, mi&&l2 6 tfflffi.s t£*#IJ-lfc$? L 
»I nGaN^b^Spl^^^ Mtll InGaN«W 

^Lfc»I nGaN^^Spffil^^^MMLT, «g£>^#tf> 
0 7tt, G a N i I n G a N^b*5**^©®^f 3l©#ili©s 

m-s^twsia^sr^M-^^^-^feSo m^mm^ GaN (20A) MnG 

aN (2 OA) ^^3 0ji»|^i$tlt/i>?, Mg^K-7°Jtl4Xl 
0 V c m 3 ©^r t y 7 IS^f t5 P M-CfcSo fU7}C(i, Jfc«fe©fc 

fc|;|l©In ai5 Ga a85 N (JKffO. 1 2 ju m) j^bfcS^^OStSii^fc 
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^mm 3 4 . 

3 4it in 8 \ZT^-tmM<Dmm 5 fcg^ viz.&Mw-e&Zo 
rnrnm 3 4 t77^r (c®) ±^i5S^i^MovpE©s^ 

{;<y-7TM 10 2) 

10 7 i i o 2&m 1 5 ox-ffx hn— AroIHtfiKft$€5o 
(Ti/ K— aN|103) 

^- 7 77il0 2« TMG<Z>3Ufc«>t\ 1 0 5 Ottt'±#^ 

So lOSOici^fce,, Ri:<H^tTMG, r^=T^«rfflv\ 
7yK"^GaNfl03^1. 5 n mCDflgJ^T^S £-£:<5o 

15 (nM^lsf? hm4) 

MV>T1 0 5 0°C-C, PC<I^^TMG, n^—Xtf*, ^fc£^#* 
fcv^^tf^&fflVN, Si^4. 5 X 1 O'Vcm 3 K— 7°LfcG a N«t«9*5n 
m=*^??hm4$:2. 2 5/im«)H)|-C^ft$€5„ 
(niil^Iii3 0 5) 
20 ^t^iX^^^^^^Jtfes 1 0 50tT% TMG, 7y*-7^^\ 

K— a N^f>^5Tl3 0 5 a £2 0 0 h n — i*G9JHJ¥-ef& 

gS-fr, JHEV^lRl?aaEl-T^7V3!f^SriianLS i£4. 5X1 0 18 /cm 3 R— 
/UcG a N^^£5Wli3 0 5 b^3 0 O^l/V* b n — A(D!li£J¥-ej&§ $ 

25 1 3 0 5 c&5 O^r* hP— A©BB|fC^ft**, 3 m& 2 3 

5 o nrw* v u—j*o>w, i &mmm 5 £/&s£-£5 0 

(n^2^ii)^S3 0 6) 

^i©ia^-e, TVK-7*G aNJ:9*5»2<©SKfl2«|3NMfril*4 0 
d-y^ho-^ftS*, 8 0 O'CiCLT, TMG, TM I , TV 
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*r~T£/BV\ T^K-^I n ai3 Ga a „NJ:«J*6^1©Sfb4fe 2 l £ *frJ»Sr2 
Iffi-C^S^ 1 O ji^om® ^ ft&fcG a N«fc 9 /^B2©tW«M^ 

4 o Jri/>r* v cz - $ tz.mk=?-wm(D$,mm& oftsn <»jj& 2 3 

0 6^6 4 0^-^^ hn— A©Kft^S§-t5o 

T> K— a N J; 9 ASSISE 5:2 0 0^-^^ h A<Dlg|J?:-ej& 
^V^fig?r8 0 0t:iat, TMG, TMI, T ^^^T^fflV^T >" 
K— 7°I n a4 G a aB N«fc «9 *S#FSSr3 h n — ^(^Mff-C^S 

s 0 LTPts+s^F+Pts+^F • • • • +^m<Dm-?mmm%5m. 

fiSl 0 5 0t-CTMG, TM A„ 7^-7, Cp2Mg (i/^a^L 
y?*?x.^.A^7jr*is&J*) £JBV\ Mg^lXlOVcnt 1 K-7*tfcplA 

1 0 . 2 G a , 8 N i 3 4 hP-AOiM 

iV^fiS^8 0 0WlLT, TMG, TMI, T^e^7\ Cp2M 
glffflV>Mg^l X 1 0 2 Vcm 3 K— "7° L/c I n a03 G a aB7 NJ;«9*5?B4<OS<k 

»*>5gu is 3 +^4<7>«i-c555:^5e-roflisu ftmtc$g3<7^t^^# 

#JUH^s> K18^3 6 5^->^ ^©JB8?-c^g$*So 
(pfflllG a N = ^^^ M9) 

1 0 5 0XlX\ TMG, 7^-7. Cp2Mg5:fflV\ Mg£r 1 X 1 
0 2 Vcm 3 K-T'LfcpSGaN.tO/iSpfflay^^ M9^70 0t^ 

*as£&M*-cTW\ ^Mfiit, !>i-A^TO^ 
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1 9 ©sist^o^©^^^ r i e {m&te.jjr^^v^tn 

=-y?-^rVL, SJUliClifcS pffill^^ hS<Z5H^ffitdfl|^2 0 0*1/?° 
5 * fD-^©N i £ A u &"g-tftS3tett<& P 1 1 ^©plil 1 <0_L|£tf? 

yf^y/fflOAui 9ft5p^ KMl 14:0. 5//m(Dg)ftMt5 0 

— aiy^^^«t 9»tti$^nflW3^^^ M4©*sSi:(iwiAl^ 
tf niil 2WULEDi^i: Lfc 0 

r<7)LED*^fi)IlS^fp]m5S2 OmAlCjoV>-C, 5 2 0nmO«feM^ 
10 L, Vf|13. 5 Vt% ti6*0#fiS^#F«itOLED*^ttJt«L-r, Vf 

T'l. 0Vi£<{STU m^ftt2. 0^±Ji[R|±Lfco ^(Dt'fr. 1 0 m At? 
^5l5«Z)LED*^^Sra^©«Ftt«:Wi-SLED*S#fe^o 351^ ^bfrfc 
L E Dtf>#Si»JEE«: L E D* ^-<Z> n Jg&t^p JlcZ>#M «fc <9 i^ffijKllfc* I^SJI 

15 fc*3, ^OLEDi^Ojf^H GaN,J:9*5»l©^y 7 7i©±^x 

7yhWGaNJ:!?)5:5l2©^s'77l, Si K— T'GaNi'J^nfr 

F-T'Al^Ga^Ng, Mg K-7*GaNi»f>45p«3^^ hJSSrHBteSl 

20 HJ{S#i| 3 5 . 

(I5tti7) 

^ P GaN«fc<9^SPfli^^2 50ty/7 ho— A<7)Jg|ff~ej& 
25 iV^Tia^8 0 0tiaT, TMG, TM1, Ti^-T^fflWT^ 

K-^I n 0 . 3 G a aT NJ: 0:fe5#FJl£3 0^"^^ hn-A©IMft^t 
5o ^LTlW+^F+IStit+^F • • • • +»&<z>MSTP*gS«:7B, #FJ1 
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#W:LEDim mJjfaMM 2 0 mAi^V^T, 4 70nm^iffei 

mmm 3 e . 

M1&M3 4Kl*5V^ ^t4^7^^T^J: 9l^X.5»i|5)itaTLED* 
5 T-^f^bfc 0 

^(d, 7yK- r/GaN<fc<9&5IMJl£r2 50t^ h n — i^CDligffT^ 
gcV^TlM^8 0 O'CiClL-C, TMG, TMI, T^-T&ffl^T^ 
K--7°I n 0 . 3 Ga 0 . 7 Nj;<9&£#Fe&3 0^"^^ h n — A^JUff-C^ft 
10 So ^LTl*ig+#F+|§tf£+#F • • • • +^^li|S-e^S^6ji, 

j; ^ tezmttm 7 &j£g£-£5 0 

15 «0"J3 7. 

^»j3 4^v>t, fe&m 7 %ut(d± t> izmtLzmzmmizLx LEUm 

T^K— -?G a N J: £ IStltS^r 2 5 0^"V^ M=r— J^(DmiW-X^ 
20 ft^-fr, i^t?ai^8 0 0'C^Lt, TMG, TMK T^^-T^m^^Tls 

K-7°I n a35 G a 0 . 65 N£Vti:Z>#nm*3 0*l"F* hn-A^ft«$ 

^LTi^n+#F+i^ii+#F • • • > +mm<D\mxm.im*:7m, #f 

J: <9 &5?£ttJf 7 £-tt5 0 
25 #bHfcLED^», Hl^"f«lS»^2 OmAldfeV^t, 5 0 0nm©fifei 

H»J3 8. 

3 4^*^T, St4g7^^T^J:9«^5ftflf4|^a^LTLEDm 
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gEV^T?gjr^8 0 0°CldL-C, TMG, TMI, T>^~T&fflV>T^ 

Jf£r3jf, ^cSi^gLT, &BIJ¥i o 9 o*y^ hP-A©MiWi 

htltz L E D^f-F-fi, BftfrftSS^ OmAllfc^t, 5 0 0 nm©fM 
10 MMM 3 9 . 

15 m£#|4 0. 

0 5 0°C-CTMG, TMA V 7^7, Cp2Mg (i/^n^^^i^ 
20 oi^/W^v^iO £fflV\ Mg^lXl 0 2 Vcm 3 K-^bfcp^A 1 0 . 16 G 

mm\4 i. 

HJStfiJ 3 4 i£*5V^ nllj^ 1 ^llJglJf 3 0 5 *VXT<D& 0 K^mW^^Mrt 

zmnmmz ule Di^ir^i Lfc 0 
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(nw®i0>mmm3 o 5) 

lklZ.i/ : 7^tfX<D&%±#), 1 0 5 0°C-C% TMG, 7^-7^l:|V\ 
K— ~?G a N^W5Tf3 0 5 a £3 0 0 O^^ hn-A©)!!!?^ 
i^TI^M^t-Tv^^^iiflnLS i £4. 5X1 O'Vcra 3 K— 
5 7°tfcG a N^^&S^nJlS 05b^30 OX-lsf* b n — A©g|J?TfJ*^$ 

3El!U*^" , C->7>'^0*SrJh«>, RfiSl-T7y K— 7"G a Nd»ibfc3± 
i3 0 5 c^5 ho— A©JKJ¥"?/fc££-l2\ 3®a»b/j:5&fl$8¥3 3 

§W-LEDim 3£&60J3 4 KfflTOw^&W U 

io e>tt5o 

»0iJ4 2. 

*JS0iJ 4 1 {-*3V NT, n ffljg 1 #SJSIJ1 3 0 5 ^XT<D £ 5 I- LfcftfettHlifiW 
4 1 iWLTLEDi^fiLfeo 

i~*t>*>, Tf30 5atLT, 7^ FWA 1 „.,G a 0 . 9 N^3 0 O 
15 7 h n-A(OlJ|-C^$-B:, ^fll 3 O 5 b UT S i 4 . 5X10"/cm 3 

K— 7°LfcA 1 0 .,G a a> N*3 0 0*^7°* h n — A^ff-ej&S -h/f 3 

0 5c £ LT7 > K — "7° A l ai Ga a ,NSr50ty^ h AWHD^-Cfigft $ 
*S 0 £JL±o[>J;5l-L-C#e>ix/tLED3R^tt, H»J4 1 

20 Jt^J 1 . 

M1&M3 4{d*3VNT, nMl^lHi3 0.5Sr*^t57yK-^GaNA> 

25 it&M2. 

mmm 3 4 ^v^-c, nffid£ 1 g>mmm 305 £«/&-r<5 s i k-^g a 
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itustm 3 . 

mt&m 3 4 ic^t, n mm i ^si&i 305 srw^-rs r ^ k-^g a 

H»!l4 3. 
(^^7712) 

T <Jr TMG (hy^f;^y^^) ££fflV\ l«l±|IGaN < J:'3*5/<S'7 
15 Til 2£r^2 0 hn— ixcDBPp-TffiJtSS^So 4*Ji©fiat|$fi$ 

(T^ K— 7°G aNl3) 

A?'77i2^t, TMGO^itfcT, *&^$r 1 0 5 0 TC£X_b# £it5 0 
20 K— ^"G a Nl 3 £r 1 ju m<Z>JBSI¥T?fifcfi&ii:5„ 

j^v^-r l o 5 o°cx~, I^C<W^i:tmg > t^-T^^.> ^Wfotf^ 

K^Vtf^Srfl^ S i5r3Xl 0 19 /cm 3 K-^LfcGaNJ:»)45nl3 

25 (7yK-/GaNl5) 

#C^V^V#:*c7>#.£jJb#\ 1 0 5 OtfPliiatTy K— 7*G a Nig 5 £ 
1 0 hP— A©JRJ?Tri6g$*5o 

(nl#|i€6) 

0 0°Ci^L-t, TMG N TMI, TV*=T«rffiV\ TVR- 
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mm 7) 

0 (mciLT, TMG, TMI, T>^r~T£/SV>T^ 

5o ^LT|5ti£+#F+l»+#F • • • • +IWtf>HiT1^!£Ji£r5e % #F/f 
4jf 35Sli-f»f LT, MMJ¥l 1 2 0 ►) 

(pl#lli8) 

TMG, TMA, T^^e~7\ Cp2Mg (is? v^^? i?z^^/U-^Jf 
^s^J*) £rfflV\ Mg*5 X 1 OVcni 3 R— ^LfcpMA 1 01 G a 0 . 9 N«fc 9 & 
5» 3 ©Ifbfe^M^ 2 5 t> gcV^TCp 
2M g> TMA^rihi6T>'K-7 D GaNj;l9^5^4(D^«^^fe2 5 

4 ©mi-c-^sjc: 4 jp-ro^s Ltcmfe* x vkzp m^mmm 8 & 2 o o 

^^1 0 5 0^ TMG. Cp2Mg^\ Mg£lXl 

O 20 /cm 3 K-/LfcplGaNJ;!3^5pIny^^ M8^7 0 0 

sf&HTt> M^^?a^-eT^\ zbiz.mmwmm.tp, v^-^zRmm^ 

ftCL^T, 7 0 0°CT*T^-y ^^^ffV\ p MSI £r £ t> f -tSJSirL'fbi" 5 0 
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^ YV— J±<DN i t A u ^t^fttt^ p MB 1 Oi, ^(DpWMl 0(D±iZ# 

^7B£> A u J: <9 fc<5 p 5/ l lSrO. 5 m m<DJHffT'^i-5 0 

~tf)LEDijf^R2|l!I^"ft®E2 OmAm^, 5 2 0 n mtf>*fi*lte383te£:^ 
U Vfli3. 5VLH<, «^^a*^#F«)tWLEDm^^lt^LT, 
VitO. 5Vfi<fiTL, 3gfttfi^te2^Jii'ft-hL*: 0 ^(Df^ s 10m 

7yK-^GaNJ;i!)^5l2©^s'77l < S i K~ 7°G a N «fc 9 *S nM^ 
-7Al 01 Ga a9 Ni, Mg K-7GaN^/i5pl3^^ bSSrW^SfS 
H«]4 4. 

3 l^wc, nIMi 6 Srj£fti-5KM^ 31 l (Dmt^mi^m 

tf>^£, Si^lXl O'Vcm 3 K— ^LfcG a N £ LT^ft$ 5flH«lRl^{- L 
t\ LED#^£f£®JLfc 0 #<bn/c LEDUMS, HJ£0ij4 3 £SBf|HK&«>ft 

H WJ 4 5 . 

£S i^lXl O'Vcm 3 K-^LVcI n 0 .„Ga a97 itU % 1 W&fb&^MM* 
JRSr, Si^5Xl O'Vcm 3 K— 7°LfcG a Ni;t5ftli^f ^LTLEDi 
^SriSBfLfco #b*xfcLE Dilute, 2 0mAlC*JV>TV f 14 3. 4V, {£ 
^3f4f£*05t><O^itt{EbT, 1. 5 {g^_b t jT/fcflH*^ L/t 0 *fc#SWJ± 
(4, mffi.ffl4 3 ^l^«lJ:S»-C*>So 
Hifc0!l4 6. 
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iiMg^l XlO'Vcm 3 K_^Uf c plG a NJS^f&fi LT 
LEDiWlLfcir5, Hi£#|4 3 H5W©#tt?:tt5LEDi^ 

MMW4 7. 

n»j4 3 i-*5v>t, pm^mmm s zm^-tzmi^ k-^a 1 0 .,g a 

$llciILT^Il?l O OHr^>f* H p - is ^ tSIttl^il^ L t L E Dif 
«#J4 8. 

H»J4 3^*3V^-C, 7^ K— 7°G a Nil 5 «;t-C#Jf JSIJf £7fM U £ <b 

^^1 0 5 0^% ^C<W^I^TMG > T^-T^, TfWMtf* 
Ci/7y^^5:ffl^\ Si$:6X10Vcrf K — P^L^G aNi^iSnfl^ 
^^hJl4£2. 2 5 mt7)JKffT^g^^5o 

&l^>7^#';*<^;Srlt#>, 1 0 5 0°C-C X TMG, T^—T #*£rfflV\ 
K*— a N#>ib&5TJf 3 0 5 a £ 2 0 0 0^"^^ b xz — J*(Df$M-X$L 
g£i£> gtV^lRia^^Ti/^^^^Srii^PUS i £6 x l 0 18 /cm 3 R-^L 
fcG a N^ib&S^JSS 05b^30 0*1/ 7* h n — Atf^ff-Cfijcfi^^ 
H}-^T^^#*<Z>^£-Lttf>> MlutTy K— 7°G a N*»e>*5_bJB3 
0 5 cl:5 0ty^ hn-A©I)|T^ft^ 3«a>b&5*M¥2 3 5 0 

(nM#BMil6) 

m^-, mm<DlSMX\ T>y—zrG aNi^£5^1 <D^«^t{fcJjfl£ 4 0 
ty^hn-Mft^t, WlfiS^8 0 0tiat, TMG N TMK T ^ 
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niT^sii- 1 o m^mm z*t* mm^o a n j; >9 i <^b^^frj8i£r 

0 50°CtTMG, TMA, T^^ — 7\ C p 2M g (S^n^ 
Isfif^^A^miS&J*) Mg £• 5 X 1 O'Vcm 3 K-^LfcplA 

1 02 G a, a N,tt)*5^3©iWM^4 O^l^* hn^AtDlfT^ 
iV^^SOOtl^Lt, TMG, TMI, TV^=T, Cp2M 
g£fflV^Mg£r5Xl O'Vcm 3 K— 7°Lfc I n 002 G a 098 N«t 9 ^5l4(Dlft 

# e>ixfc l e Dm^-te. mmm 4 3 1 m^mm^mm^tm^R-^v f ^ 

«S»EE£S5£L;fci: - 5, HMI4 3 otfcKt^fflVNfe^o^^tk^T l . 5 
»±SftWLfci5l^ #*9IteJ:*Ltf. ^Mfc^Slftetl^* EM^t^^NM* 
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in * <d m m 

BWBn«««©^3S: < t 1 mmtm^m&mte, i n i (Dmtm 

2. fufEifl 1 ©^Mfc^fcJ&a 5 I n x G a ,. X N (0 <X< 1 ) X 9 * 9 , BU 
aa»2©*<Wfca|MIK#:JR*S I n Y G a (0^Y<1, Y<X) 

3 . mmm 1 /tamtam 2 ©swb*¥*f«^rt©4>fc 

%<t in sot**>»/*2s* ftm-rsm 1 <oa<k*iNWWii*fc»4* 2 

5 . mis n w&mmm &fe&m \m ltm $^Tv^r^sr«N»t-t-st» 

6 . HufEm l ©atffe*¥*fl**5 J:t*» 2 ©Iftti^^TV K — 7""C 
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9 . mm p wm&<omw>¥3£fcm t t-r, a i %^t*m 3 <Dmm^m-w- 
i^^-c^sp m^ma^m u suib^ 3 nmtm^mw-m t mmw, 4 (dwc 
t <b -r 5 it^« 1 km 8 <d ^ cov vf 1 m^mm<Dmt^mi^m^- 0 

1 0 . tuiern 3 (Dmm^-mfcmfrA l a G a ,,N (0< a S 1 ) ^ «9 ^ «9 . 

HUl2^4<^^b^¥#^^ I n b G a^N (0^b<l, b<a) <fc<9&5^£ 

^m^m 9 1 0 \z.mm<Dmm^mw-m^- 0 
1 4 . wmm 3 J; to 4 (omm^mw-m^r v k-^ 

1 e . sffiB^ 3 (Dmm^mw-m^ £t>*g§4 <Dmm*mvm<Dm^ p ® 
1 7. »co^#?¥^/i^Wi-Snjaj«^, n^cco^t:^*frji^ 
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& 2 SiOlf ^ * 5 n#|Jg 1 #liiT^ 9 , 
— ^StbT*Ud»oSv>^0 K^-t iSS*SIB3 i!4©Ift 

save* 6 p m^mm? ? ? mxh <o s 

grlBSttS^^ ln,Ga H N (0^a<l) J; 9 /jJS^M^FWiSTfc 

aqujg £*vc&5 niai^ i &mmmx&> v , 

HUfBffittJB* 5 , In,Ga H N (0^a<l) «fc t> & 5 ^M^FflS^"? £> 

&m<DpM^n&fe&b&m^z.mftzm&mi 7x»i sicias^^b^^ 
2 0 . miism 3 ©^b'fc^fl*^ p m^mmmrn. t 4 <Dmm^m 
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Ga H N (O^b^l) XVttZpWm— m*9v K®T*fc«9 % 
8&f5J£t£Sa s » In„Ga,. a N (0^a<l) «fc 9 ^5#**^#F«it^fc 

jtmplRWsS £ t)lo©lWi«:ifi, pI^Mfelr^^A 1 „ 

Ga H N (OsSb^l) J:9/i5pfl(¥-R^7S'Kg"C*)ll, 
BfjfBfgttJl^ In,Ga H N (0^a<l) J: 9 

24. mm n Aug i t fz&m t omi^ i n *&um 1 omtMo* 

26. H&ianilU^^^^ hJl^ s 7V a Ni©±M$tlT^5 

JtfcGa d Al H N (0<d^l) ^^jt5^y77ilM^, J€{-fitf 
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2 9 . fitiiEm i (Dmm¥mfrmtnmm2 <ommt^wmt<om^ m 
urn i (Dmkm¥mfcm(Dmi8.frtt>mm% 2 ©tfbti^M©M^ tn^^ 

3 0 . mmm ltm* comtm^m^ma^ti^n 1 n 9 , mm 
m 1 (Dmtm^mwm(D 1 n <D^mmmum 2 co^^^w^m^ 1 n 

31. mumi<Dmtm¥-mfom*i n x Ga ^.n^w^ mwm^a) 

abtt^iffiittA^Ga,.^ (0^y<l) i»feft5»*qi 2 8 Xf* 2 9 

n^-^ldipl^Mlii 5 K-^^tL, tfL^tutt, pMIi^ K-7°$tbTV> 

ftV^fiM^S 28~31©9 fcOWrj-uft* 1 oiZHES^^-fk^^^^Fo 

tlfa—ttzn 1 X 1 0 'V c m 3 ~ 5X10Vc m 3 0^ffl(D p m^f K— 7" 

£;Jx, fl&*^t*5 X 1 0 18 /c m 3 ~5 X 1 0 ls /c m 3 C0®liaT'feoT^^ogiia— 

3S2 8~3 3<D?h<D\,^irnfri<>izmM<DmkM¥i&i£M*o 
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3 5 . ituisfg i <Dmm>¥mtm<D p WTF-mmmm-z, mmm 2 ^mm^ 

3 7. HiIiapM^ y y KSli, Al x G ai _ x N (o<x^i) a>fe&5Jg 

Hn y G ai .,N (0^y<l) d»e,<j;5Ji t ^S^ii ZWtmtTWii 

t^p ^Kg** t (Dm \z.mm *mirz> mm*mtmtt&\, ^x % 

ffimm&m&, In.Ga,„N (0£a<l) «t !9 ^S^aft^Fflljf-Cfe 

3 9 . miiB^ 3 p t mmm 4 omtm^m 
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Ga rt N (o^b^D «t yttzpwm-m??* h*m-chY), 

mtS3£&Mi>K I n a G a ,. a N (0 ^ a < 1 ) S^M^Ffflfii 

4 2 . mmnMm l ^SJBIJl^ M9V 100-10000 ^-^^ hn-A 
©TV F-^©IW»^^5T1, if 50~1 0 0 0*lsjrx hn- 

4 3. WSSnffilfgiS^isv^, HfrSBnfflSSi ^mBMtfa^Mt<Dm^ I 
n Sr-^tffg 1 O^t&^MKm^ *:<0g$ 1 ©fWMtl^SM^t 

-r 5 ^ 2 w^k»^*flcBi t $ Hfc n mm 2 &mmm &m-rz> r. t 
4 4. mrta n (im*Si-*5v vt\ tuta n mm 1 t mm t<om^ ns 

4 5. B&BB riffle** hgtf^ TV K— a Njp<Z>-tt-7£fifc£*VCl^ 

4 6 . ms.m^^mwm^^^x, mmr^v-zfc a ns^m^ 

$*fcGa ( Al H N (0<d^l) A>t)45^S'77i±I^SiX, lEi-HU 

^tfplGaN^y^^ M«u*sr £<M#m£1-3ffrfc«4 5}^i2tt 

m $ *vt ft 5 n m&mmm -c*> 9 , 
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mm n m&mmm &&&& s*a^ t , p m^mmm zmtfttzM t z> 
mmznxttzn m&mmm x& <9 , 

mmztixtezn m&mmmx&> v . 

mmtsfrxteZpm&mmmxhyfaL 
mm n m&mmm zmm-r s m& t , P m&mmm *m&~fz>mj& t v > 

so. HiifBp^siiis^fli^i-s^kw^^issw, nm^mrn 
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